One hundred cases of endoluminal aortic stent surgery were retrospectively reviewed and analysed with respect to outcome. The overall mortality rate was consistent with standard rates for open surgical repair. One hundred per cent of patients who developed multiorgan failure died (7), as did 78% of those who developed acute renal failure (9), and 55% of those who had a serum creatinine rise greater than 100 µmol/l (9). Patients given mannitol had an increased incidence of a serum creatinine rise of greater than 100 µmol/l, at 16% versus 4% for those not given mannitol. Patients with documented intra-or postoperative anaemia (Hb <80 g/l) had a mortality rate of 22% compared to 5% for non-anaemic patients. The mortality rate increased from 3% to 15% if the procedure took more than four hours.
The endoluminal repair of aortic aneurysm is a minimally invasive technique developed by Parodi 1 to treat an invariably fatal condition. Treating these patients by the endoluminal technique reduces the emotional and physical cost to the patient in terms of morbidity and the financial cost to the health system when compared with the traditional open surgical technique.
Since May 1992 the vascular surgeons at the Royal Prince Alfred Hospital, Sydney, have performed over 150 operations of endoluminal aortic stent-graft surgery and have previously reported on the first 61 patients 2, 3 and recently on the first 100 patients 4 . This is the largest series in the world for a single institution. To date only a single case report 5 and a series of ten patients 6 have been reported in the anaesthetic literature, so it was considered important that a retrospective review of our results be undertaken.
MATERIALS AND METHODS
The medical records of 100 patients from a fouryear period (May 1992 to were examined retrospectively.
Data regarding anaesthesia-related perspectives were recorded. These included: 1. The form of anaesthesia employed, being one of three: i) General anaesthesia (GA) with muscle relaxation, intubation and ventilation with oxygen, nitrous oxide and isoflurane plus opioid; ii) Light GA plus mid thoracic epidural anaesthetic (TEA), which was maintained for postoperative analgesia with infusion of bupivacaine and fentanyl; iii) Lumbar epidural anaesthesia (LEA) with sedation only. 2. Use of a pulmonary artery catheter (PAC) and/or central venous line (CVL). Patients who were deemed "high risk" on an individual basis by their respective anaesthetists had a PAC inserted. Whilst this is a "soft" indicator it was the only evidence of the risk category of the patient as judged by the anaesthetist. 3. Whether the patient received 100g of intravenous mannitol intra-operatively or not. 4. The lowest haemoglobin (Hb) documented intraor postoperatively. Anaemia was defined as a Hb of <80 g/l. As blood loss was not easily analysed because of spillage over drapes and on to the floor, this Hb measurement was an indication of surgical blood loss as all patients started the operation with Hb levels in the normal range. 5. Length of procedure to the nearest half hour. The patients were divided into two groups, those of four hours or less (the median procedure duration) and those greater than four hours. 6 . Whether open surgical repair of the aneurysm was required. Additional data recorded included whether a thoracic or abdominal aortic aneurysm was being treated; the serum creatinine on the day before surgery; the highest documented serum creatinine in the postoperative period; the volume of radio-opaque contrast; Intensive Care Unit (ICU) admission postoperatively and whether ventilation was required; hours in the ICU and hospital days post surgery to discharge.
The following outcome measures were recorded. For mortality, death was defined as an outcome if it occurred within 30 days of the operation (the normal period for comparison of surgical mortality in such patients and all were procedure related), or from a procedure-related cause within six months of surgery.
Major morbidity was recorded as: 
RESULTS
One hundred cases were reviewed, 97 for abdominal and three for thoracic aortic aneurysm. Fifty received GA alone, 41 GA plus TEA and nine LEA with sedation. Seventy-three patients were managed with a CVL and 27 with a PAC. Mannitol 100 g was also given to 46 of the 100 cases.
Eighteen patients had a Hb of <80 g/l documented either intra-or postoperatively. Median procedure duration was 4.0 hours with a range of 1.5 to 9.5 hours. Sixty-two patients went to the ICU after surgery, the remaining 38 were managed immediately on the ward. Thirty-six of the 62 patients in ICU were initially ventilated. The median ICU stay was 21 hours, with a range of 5 to 720 hours. The median rise in serum creatinine (highest postoperative minus preoperative level) was +11.5 µmol/l ranging from -42 to +574 µmol/l. Nine patients had a rise in serum creatinine of >100 µmol/l. The median time to discharge was ten days with a range from five days to 52 days. Fourteen patients required an open repair of their aneurysm, either during the initial procedure or secondarily due to persistent endoleak 7 unable to be managed endoluminally, ten in the first 50 patients (20%) and four in the second 50 (8%). Figure 1 , where a reduced incidence of morbidity (26% versus 47%) is shown in those given mannitol. Forty-one of the 46 patients given mannitol also had TEA. The association between mannitol administration and renal function is shown in Figure 2 . The incidence of an elevated preoperative serum creatinine (>150 µmol/l) was the same in each group but there was a fourfold increase in the incidence of an elevated postoperative serum creatinine (rise >100 µmol/l) in those patients given mannitol compared to those not. Fulminant ARF incidence was not different.
Anaemia outcome is shown in Figure 3 . There was a more than fourfold increase in the incidence of death in the group of patients who had a Hb documented at <80 g/l in the intra-or postoperative period, at 22% compared to 5% in the non-anaemic group. There were ten anaemic patients in the first 50 patients and eight in the second 50.
Procedure duration and outcome are shown in Figure 4 . There was a fivefold increase in the mortality rate if the procedure took >4 hours at 15%, versus 3% if <4 hours. The morbidities relating to a pro-longed procedure are shown in Table 1 . There were threefold rises in the incidence of ARF and wound infection, a two-and-a-half-fold rise in respiratory complications, and the only two cases of CVA. There were 21 patients with prolonged surgery in the first 50 patients and 19 in the second 50.
Open surgical repair and outcome are shown in Figure 5 . There was a twofold increase in mortality in those patients who had an open repair (14%) compared with those who just had an endoluminal repair (7%). The morbidities relating to open repair are shown in Table 2 . There were threefold rises in the incidence of anaemia, wound infection and ARF with The mortality incidence for different complications is shown in Figure 6 . Multiorgan failure (MOF), ARF and a serum creatinine rise of >100 µmol/l all had markedly elevated rates of death at 100%, 78% and 55% respectively. Interestingly cardiac failure (27%) had a higher incidence of death than did perioperative AMI (22%) which was equal to that of anaemia (22%). Risk groups lower than the total (8%) were serum creatinine rise of <100 µmol/l (3%), procedure duration <4 hours (3%) and unstable angina at 0%. Three of the deaths occurred in the first 50 patients and five in the second 50.
DISCUSSION
Endoluminal grafting of aortic aneurysms is undertaken at our hospital by a team of vascular surgeons and a radiologist in an operating theatre prepared to do an open repair of the aneurysm immediately.
After induction of anaesthesia the patient is prepared and draped as for an open surgical procedure which may be required at any time due to rupture or dissection of the aneurysm, perforation of the arteries or aorta by surgical catheters or stents, dislodgement of an atheromatous flap in the aorta, twisting or rotation of the graft after the proximal stent is in place, or misplacement of the proximal stent to occlude the renal or mesenteric arteries or other arteries in repair of the thoracic aorta. A femoral or iliac arteriotomy is made and a sheath of diameter 18F or 24F is passed into the aorta over a guidewire. The endovascular grafting system itself, from the outside in, comprises the introducing catheter with a retractable sheath, which when pulled back exposes a collapsed Dacron graft with attachment stent or hooks at each end, an inflatable balloon catheter, a nose-cone and a central guidewire all concentrically arranged. The system is positioned correctly by the repeated use of an image intensifier and intra-arterial radio-opaque contrast (Ultravist 370, Schering AG, Germany). The retractable sheath is withdrawn exposing the graft, and the inflatable balloon catheter is positioned inside the proximal attachment system. The balloon is inflated for a period of 30 to 60 seconds (longer in the early patients and shorter more recently) during which time aortic blood flow is occluded. This expands the stent and imbeds the hooks into the normal arterial wall. The procedure is repeated at the distal end of the graft. A straight graft is used for abdominal aortic aneurysms if there is at least 1.5 cm clear below the renal arteries and above the aortic bifurcation. A bifurcated trouser-leg graft (with one separate attachable leg) is used for aorto-iliac disease and in such cases access is needed through both iliac arteries.
Anaesthetists have to consider the following conditions and concerns if the procedure is to be both safe and successful. 1. The patients must be perfectly still and not move about for a period of at least 1.5 hours, but possibly several hours, because radiological positioning is critical. 2. The patients must be anticoagulated at the time of instrumentation with intravenous heparin, which is repeated if the procedure is prolonged. 3. Preparation must be made for sudden massive blood loss, following major disruption of the aorta, and immediate laparotomy with aortic cross clamping. Thus an arterial line, a CVL and/or PAC and at least two large-bore intravenous cannulae are inserted in all patients. It is our experience that there is more blood loss in endoluminal repair than in planned open repair 8 , due to bleeding back through and around the catheters which are repeatedly extracted and reinserted through the large-valved cannulae inserted in the iliac arteries. Cell-saving is not routinely used, but is for the more complicated aneurysms or where the surgeons anticipate surgical problems. 4. At the time of balloon occlusion of the aorta, the surgeons request that the mean blood pressure is maintained at about 60 mmHg so that the force pushing the stent distally is minimized. This factor is more critical in the thoracic aorta and a technique using bolus intravenous adenosine to induce intentional temporary asystole without cardiopulmonary bypass has been developed 9 . Several approaches to control blood pressure have been taken. Patients may be given a bolus of propofol or nitroglycerine, an infusion of nitroglycerine or nitroprusside may be used, or they may receive a high dose of a volatile anaesthetic agent such as isoflurane. Those patients who have a thoracic epidural functioning do not need any additional measures to control blood pressure for balloon inflation. By this stage of the procedure they have had a pharmacological myocardial sympathectomy performed, with the titration of 2% lignocaine into the thoracic epidural catheter until signs of an established thoracic sympathetic blockade (i.e., bradycardia and/or hypotension) have been noted. In patients where LEA was employed, a similar effect was achieved by using higher volumes of local anaesthetic introduced into the lumbar epidural space.
5.
Postoperative impairment of renal function is a major concern with this procedure. Many of the patients have a raised creatinine preoperatively due to their chronic medical state. Insults to the kidney at surgery are multifactorial, including dehydration (due to fasting and bowel preparation), hypovolaemia, thromboemboli, radioopaque contrast-induced nephropathy 10, 11 , MOF, renal artery occlusion, myoglobinaemia and intrarenal shunting of blood. Measures are taken to minimize these insults to the kidneys by maintaining renal oxygen delivery via control of blood volume, cardiac output and blood oxygen content. Intravenous mannitol was also used in some patients (46%) as it has been reported to reduce the severity of acute renal failure following a wide range of insults 12 . 6. The procedure may take a long time and care must be taken to prevent heat loss. Our technique is to use a warm air blanket over the thorax and arms of the patient, and to monitor nasopharyngeal temperature. The patient may require a period of heating in the immediate postoperative period. It is sometimes difficult to maintain body temperature because of the potential surgical exposure required, the blood loss, and the amount of cold surgical fluid injected as dye or very cold saline to stiffen the catheters for better surgical manipulation.
As the surgical procedure is new, several different approaches have been adopted by individual anaesthetists.
The mortality rate in this review is at the higher limit of the range when compared with rates quoted for elective open abdominal aneurysm repair, which has a thirty-day mortality of 1 to 6% [13] [14] [15] [16] [17] [18] . Nearly half of the patients in this review were referred as they had been refused open repair of their aneurysm due to 382 A. B. BAKER, G. LLOYD ET AL Anaesthesia and Intensive Care, Vol. 25, No. 4, August 1997 FIGURE 6: Mortality incidence. extreme perioperative risk, with severe inoperable coronary artery disease or respiratory, renal or liver failure, or hostile surgical conditions 4 . Recently a patient with severe ischaemic cardiomyopathy, awaiting cardiac transplantation, was successfully treated. Our mortality figures reflect the preoperative health status of the patient population rather than the efficacy of the endoluminal technique.
Thirty-eight per cent of these cases were managed without ICU admission and only 36% were initially ventilated. This trend to less intense postoperative care is increasing as we all obtain more experience with the technique. ICU beds are an increasingly scarce resource and patients undergoing major elective surgery not uncommonly have their surgery postponed due to the unavailability of an ICU bed. The postponement wastes valuable health resources and the savings made in financial terms make ward management highly desirable.
Many studies have been reported over the years [19] [20] [21] [22] [23] [24] , suggesting that TEA is the best way to maintain a favourable balance between myocardial oxygen delivery and consumption, in the face of hypotension in patients most likely to have coronary artery disease 25 . Sudden occlusion of the aorta has a deleterious effect on an "at risk" myocardium 26 . There is an increase in proximal arterial pressure with an increase in intraventricular end-diastolic pressure and myocardial wall tension. This increases myocardial oxygen demand. Concurrently with a decrease in the cardiac output, myocardial oxygen delivery may be decreased, leading to overt myocardial ischaemia and ventricular decompensation 27 . Patients with a high epidural are less likely to suffer ischaemia as cardiac output is maintained in the face of aortic crossclamping and contractility and filling pressure rises are attenuated 28, 29 , and it was to achieve this result that TEA was used in almost 50% of patients in this series. When a lumbar epidural approach was used a high block was also sought. The epidurals were also used for postoperative analgesia, though the operation is not painful if an open repair is not necessary. If an open repair is performed, a TEA is most advantageous in the perioperative period. Nevertheless, there are concerns held about the place of epidurals in patients who are often on aspirin, and who will all receive full anticoagulation with heparin during the surgical procedure 30, 31 . TEA is only routinely used by two of us, with another preferring LEA, and two preferring not to use an epidural technique. Any patient who is on prophylactic anticoagulation (other than aspirin) is not considered for epidural placement.
In this review, patients given mannitol intraoperatively had a higher incidence of an elevated postoperative serum creatinine and as a result its use has now been abandoned. The logical way to approach this problem is to ensure adequate renal perfusion via adequate intravenous crystalloids and maintenance of cardiac output and intravascular volume. Therapy guided by a PAC may be indicated in patients with an elevated preoperative serum creatinine. Minimizing the volume of radio-opaque contrast used may also be of benefit 11 though is largely ignored by surgeons seeking a perfect anatomical result, and in this series higher doses of contrast bore no relationship to postoperative changes in creatinine or renal function.
A low haematocrit has also been related to poor outcome in surgery for ruptured aortic aneurysm 32 . It is unknown if anaemia is causally related to outcome or merely indicative of difficult surgery, but homologous blood transfusion itself may affect outcome, or be a marker of some other factors which affect outcome, as it has been shown to increase the incidence of postoperative infection from 3% in patients given autologous blood to 32% in those receiving homologous blood 33 .
In a study looking at outcome in 587 patients who had suffered previous AMI, the duration of surgery was related to the risk of reinfarction, increasing from 5.6% to 15.5% if longer than three hours 34 . We did not find an increase in postoperative AMI if surgery was prolonged, but did so for mortality. Other studies have shown an association between surgery lasting more than three hours and greater perioperative cardiac morbidity 35 . Prolonged surgery is usually associated with more haemodynamic changes, coagulation disorders and other stresses. We believe patients whose surgery is prolonged should go to the ICU instead of the ward.
Monitored postoperative myocardial ischaemia (mostly silent) has been shown to be an important correlate of adverse cardiac outcome in the study by Mangano 36 . However, in our group of patients, clinically overt unstable angina was found to be a benign event with a mortality rate of 0%.
The technique of endoluminal stent surgery is evolving rapidly. Improvements currently occurring include the use of smaller-gauge, more flexible catheters and also new self-expanding stents that do not require balloon impaction, and thus no major aortic blood flow occlusion. These will simplify the anaesthetic requirements of the procedure which at the moment are quite demanding, particularly if bilateral trouser grafts are required. It is expected that this endoluminal procedure will be able to be done under local anaesthetic infiltration in a radiology suite in the not too distant future for simple abdominal aortic aneurysms, though there will always remain risks of major bleeding problems. Many of the patients are so medically compromised that they are major anaesthetic challenges.
